In order to feed ever growing the population, countries like India have to increase the agriculture productivity 1 . Modern agriculture is depending heavily on chemical applications but, environment and sustainable agriculture both are at a risk due to overuse of chemicals; therefore the exploration of effective microbes having plant growth promoting (PGP) activities is required. Flowers of mahua (Madhuca longifolia) are traditionally used as bioenhancer as well as a soil amendment to improve soil health 2, 3 . Being a rich source of sugar, flower can act as the outstanding source of endophyte habitat. Therefore, isolation and screening of useful endophytic microbes having PGP properties within this flower were performed and investigated for their PGP effectiveness on non-host plants 4 . Endophytic microbes are believed to elicit plant growth promotion in one of two ways: either indirectly by helping plants acquire nutrients, e.g. via nitrogen fixation, phosphate solubilisation or iron chelation, by preventing pathogen infections via antifungal or antibacterial agents, by outcompeting pathogens for nutrients by siderophore production, or by establishing the plant's systemic resistance; or directly by producing phytohormones such as auxin or cytokinin 5 . In addition to these PGP traits, endophytic microbes must also be compatible with host plants and able to colonize the tissues of the host plants without being recognized as pathogens 6 . A particular microorganism may affect plant growth and development using one or more of these mechanisms and may use different ones at various times during the lifecycle of the plant. While the growth promotion mechanisms of plant-microbe interactions have produced a large amount of knowledge, it remains unclear how consistently endophytes elicit responses in non-host plant species. Therefore, to exploit application of such PGP microbes on non-host crop, the present study was initiated with greengram (Vigna radiata (L.) Wilczek). This crop is popularly known as mung bean and has a major socio-economical importance as being a rich source of nutritious food, animal feed for livestock and raw material for various applications 7 . So, there is an open window to explore endophytes of mahua flowers for their plant growth promoting activities for legumes.
The present study was started with the objective to evaluate the effect of bacterial and yeast endophytes that were previously isolated from mahua flower. Effect of Single and combinatorial inoculation of Bacillus amyloliquefaciens, Rhodotorula sp. and Pichia kudriavzevii was evaluated for growth, yield and nutrient uptake of greengram.
MATERIAL AND METHODS

Experiment site, seed material and land preparation
The field experiment was conducted during two consecutive seasons viz., kharif-2015 and summer-2016 at Olpad town located in North West of Surat, India (21.33° N, 72.75° E). The experimental soil was black with clay texture, alkaline pH (8.71) having 0.42 % organic carbon, 207 kg ha -1 of available nitrogen (N), 33.20 kg ha -1 of available phosphorus (P) and 405 kg ha -1 of available potassium (K). The field was prepared by ploughing and the seeds of greengram (cv. Pusa Vishal) drilled by hand in furrows.
Endophyte strains and inoculums preparation
O n e b a c t e r i a l s t r a i n s B a c i l l u s amyloliquefaciens MSB1 and two yeast strain Rhodotorula sp. MSY1 and Pichia kudriavzevii MSY2 were previously isolated from the flower of mahua. All these microorganisms were found to trigger one or more PGP activities. Indole Acetic Acid (IAA) production was the common feature of the three isolated microorganisms. In addition to this, both the strains of yeast showed phosphate solubilization whereas the B. amyloliquefaciens is a potent siderophore producer 4 . Further, the above three isolates were found compatible under in vitro condition. For inoculums preparation, each isolate was grown in Yeast extract Peptone Dextrose (YPD) medium for 72 hr at 30°C under shaking condition. Each of the three tested strains was grown independently. The final culture was performed in such a way that the cell optical density of bacteria and yeast strain was adjusted to 0.1(at 600 nm) respectively 8 .
Field set up to evaluate effect of endophytes
The experiment was planned in Complete Randomize Block Design (CRBD) with 11 treatments and three replications with the plot size of 2.7 × 3.0 m and crop spacing of 0.45 × 0.15 m during two consecutive seasons i.e, kharif-2015 and summer-2016. There were 11 treatments comprised of (T1) control, (T2) 100 % RDF (20-40-00 NPK kg ha -1 ) was supplemented with urea and single super phosphate respectively, (T3) Biocompost at the rate of 2 t ha -1 , (T4) T3+MSB1, (T5) T3+MSY1, (T6) T3+MSY2, (T7) T3+MSB1+MSY1, (T8) T3+MSB1+MSY2, ( T 9 ) T 3 + M S B 1 + M S Y 1 + M S Y 2 , ( T 1 0 ) T3+MSY1+MSY2 and (T11) T3+flower of mahua at rate of 12.5 kg ha -1 . All three isolates were applied in soil at the rate of 3 L ha -1 with 10 8 colony forming unit mL -1 as per the treatment detail. Three plants were randomly uprooted at 20 and 40 days after sawing, and at harvest to measure shoot length, root length, number of leaves, dry weight of shoot and root. The number of nodules was recorded at 40 days after showing. Yield attributing parameters viz., number of pod per plant, pod weight per plant, length of pod, and seed yield per plant were recorded at harvest from each plot. Economical grain yield, biological yield and stover yield of greengram were also recorded at harvest and converted on the hectare basis. The harvest index was calculated using formula;
Mature dried seed and stover sample were subjected to biochemical estimation of N, P and K. Nitrogen estimation were performed as per Kjeldahl method 9 . Phosphorus was estimated by the colorimetric method where the colour of the treated sample reflected the concentration of phosphorus 10 . The potassium was estimated by wet digestion, inductively coupled plasma atomic emission spectrometry 11 . Nutrient uptake (kg ha -1 ) was estimated by the formula;
.
Statistical analysis
Statistical analysis of data for various characters studied in the present investigation was evaluated on the pooled basis. Data analysed using analysis of variance (ANOVA) following complete randomized block design 12 . Data of the effects of treatments were prepared with the standard error of mean and critical different (CD) at 5% probability levels. The coefficient of variance (CV) was calculated and given in the respective tables.
RESULTS
The experiment was performed in CRBD with 11 treatments and three replications. Endophytes from mahua flower were explored as effective inoculums in greengram. Pooled analysis over seasons revealed that the interaction among seasons and treatments was not found significant, which revealed the consistent performance of different treatments during both the seasons. Summer was found more congenial season for greengram cultivation in South Gujarat than kharif. Two seasons of trials under different field conditions showed that all three test isolates significantly affected many parameter investigated in comparison to the sole application of biocompost [ Table: 1]. The shoot length was recorded maximum in a single application of yeast strain P. kudriavzevii followed by Rhodotorula sp. On the other end, single inoculation with bacterial isolate B. amyloliquefaciens as well as dual yeast inoculation (T10) was found equally effective as chemical treatment. Among all the treatments, the performance of the greengram plants was better with single yeast inoculations in comparison to combined inoculation. Root length was also showed more or less similar performance as shoot length but at harvest, all the treatments having test isolates augmented the higher root length compared to the sole application of chemical, biocompost and control. In general, increased numbers of trifoliate leaves per plant were observed in all treatments over control. However, the numbers of leaves were found higher in both single yeast inoculations. Data presented in [Table 2 ] showed that dry weight of shoot and root were also found maximum with a single application of yeasts compare to dual and triple inoculation. Regarding numbers of the nodule, the highest nodule was observed with single inoculation of P. kudriavzevii and Rhodotorula sp. compare to single bacterial inoculation as well as all other combined inoculation. In general, all treatments having test isolate either single or in combination had a significantly increased number of nodule compare to chemical treatment and control.
At harvest similar responses to various treatments was recorded in terms of yield and yield attributing parameters i.e. the number of pod, pod weight and seed yield per plant as well as length of pod [ Table 3 ]. Greater seed yield per plant was observed with single application of P. kudriavzevii (19.44 g) which was found comparable to another single as well as dual application (16.91 to 19.24 g). The single application of both yeasts, combined treatments containing yeast had no further stimulatory effect on yield. It was found that greengram plants exerted high grain yield response with both yeast isolates viz. Rhodotorula sp. (26.93%) and P. kudriavzevii (31.80%) than sole biocompost application. The next effective treatment was the single application with B. amyloliquefaciens which was comparable to chemical treatment. The lowest grain yield was recorded in the control treatment. The biological yield was also behaving similarly to the grain yield and exhibited relatively high values with single application of yeast P. Kudriavzevii and Rhodotorula sp., which was followed by chemical treatment. Additionally, stover yield also followed the similar pattern to above both economic and biological yield. The highest stover yield was again found with the single application of two yeasts isolates Rhodotorula sp. (12.49%) and P. kudriavzevii (15.02%) over sole application of biocompost. The harvest index did not exhibit much influenced by different microbial inoculation as there was no significant difference among harvest index; however, a comparatively high value was obtained using P. kudriavzevii alone (27.94%). This increase was found 10.30% higher than the sole application of biocompost and 1.31% higher for chemical treatment followed by Rhodotorula sp. inoculation, which were 9.04% higher than biocompost and 0.15% to RDF. Yeast strain P. kudriavzevii and Rhodotorula sp. were achieved the highest 1000 seed weight value compare to all other treatment. Plant nutrient element N, P and K in grain and stover as well as their uptake were presented in [Table: 4]. N content in grain was found significant, but P and K content were not significant among different treatments. The highest N content in grain was found for P. kudriavzevii (4.22 %) followed by Rhodotorula sp and the lowest were found in control. N and K content in straw were non-significant, whereas P content was found significant between treatments and highest P content (0.19 %) was observed in the single application with Rhodotorula sp. Nutrient uptake was estimated and the highest nitrogen uptake was observed with P. kudriavzevii alone which was found equally effective with a single application of Rhodotorula sp. and chemical treatment. A similar trend of significance was observed for P and K uptake where all of the above treatments recorded significantly superior to the other treatments.
In the present study, bacterial isolate B. amyloliquefaciens as well as yeast isolates Rhodotorula sp. and P. kudriavzevii were found effective in their individual inoculation on growth, yield and nutrient uptake of greengram. However, the dual & triple inoculations were also found more effective than control treatment but remained inferior to RDF. Here, it was found that T11 was poorer to all other treatments having PGP isolates. This might be due to the inadequate density of isolates within mahua flower, a natural source which harbour test isolates. Moreover, the significant increase in all parameters was observed when different PGP isolates were applied PATEL et al.: EFFECT OF ENDOPHYTES ON GREENGRAM as inoculums. This could be possible due to their effective sufficient viable count to enhance rapid colonization in the rhizosphere.
DISCUSSION
Endophytes are ubiquitous in nature. However, the diversity of endophytes has been studied intensively for many plants but not for mahua 13 . Therefore, in this study, endophytes from mahua flower as a novel natural resource were explored for their potential in the field of agriculture. Here, the aim behind screening was to search out effective inoculums consist of microbes with PGP properties so that can be used as an alternative to chemical fertilizer. Since, centuries green gram is widely cultivated in India during two different seasons viz, kharif and summer due to the short duration and major prospective pulse crop. Therefore, the field study on greengram as test crop should be conducted to investigate the influence of endophytic isolates of mahua flower.
Two seasons of field trials showed that single, dual and triple inoculation with B. amyloliquefaciens, Rhodotorula sp. and P. kudriavzevii significantly enhanced growth, nodulation, seed yield, and content of plant nutrient element as well as their uptake by greengram plant. The enhanced shoot and root length of greengram might be due to the ability of isolates to produce IAA which aid in increasing the plant growth 14, 15 . It was noticed that the entire three consortium member does not contribute equally to the growth of greengram, as all isolates differed in PGP attributes, like IAA, siderophore production, and phosphate solubilization. Therefore, in T6; MSY2 being the highest producer of IAA and P-solubilizer showed better plant growth response followed by T5 (MSY1) than other treatments. Against untreated control, numbers of leaves per plant were found significantly among different treatments. These leaves correspond to added light interception, which results into addition biomass and higher plant productivity. Therefore, plant dry matter was also affected by inoculation with different PGP isolates. In addition to these, improvement of the plant biomass was increased due to nutrients absorption, which leads to high rate of translocation and ultimately more dry matter accumulation. The similar observation was also made on green gram by previous researchers with various bioinoculants 16 . Numbers of nodules per plant can also be affected by microbial inoculation. A range of evidence has been reported by many investigators on PGP microbes stimulation of nodulation, as well as the creation of more infection sites on plant root 17 . The isolates having better P-solubilization ability showed better nodulation, when compared to the uninoculated greengram, which showed the least number of nodules. These results suggest that the presence of native rhizobial of greengram in the experimental soil is of the inadequate number. Subsequently, IAA production enhanced the root length and provides larger surface area for more bacteroids attachment, leading to more nodulation. All these treatments had a significant number of nodule compare to untreated and RDF treatments. The similar observation was made by PGP non Rhizobium bacteria on greengram in previous studies 18 . It is well understood that available P is needed for the nodule infection process by Rhizobium. The supply of essential inorganic P to bacteroids in relation to the symbiosome may affect the effectiveness of nitrogen fixation and nodulation 19 . This suggests that growth and nodulation respond to P supply. In our study, both yeast strains possess the P-solubilizing ability which may result in higher nodulation in greengram. Treatments having isolates exerted good plant growth by means of higher stover as well as grain yields under the field condition over the control. It was observed that stover yield was increased with the increase in vegetative growth. The reason might be the effective utilization of nutrient absorption through extended root system which resulted in Though there was no known nitrogenfixing strains of isolates used, the significant increased in seed N content was found which supported the hypothesis that biological nitrogen fixation by the Rhizobium and other root associative microbes could be responsible for the observed higher N uptake of inoculated plant 21 . Furthermore, the increased P content in straw on the application of both yeast isolates suggested their establishment in the greengram rhizosphere. Both these yeast isolates have a P solubilization property which may lead higher uptakes of P and reflected in better yield attributes. It is a well-known that phosphate solubilising yeast releases an organic acid that increases the availability of P in their soluble form and ultimately enhanced plant growth development 22 . The increased growth and yield of legume crops following inoculation with phosphate solubilising microorganisms have been also reported previously 20 . Due to this, availability of nutrients raised and which were resulted in greater uptake by the plants and ultimately increases their concentration. Increased N, P and K content of greengram given the additional evidence to the finding of the previous study 23 . The resultant improvement of nutrient uptake due to combinatorial activities of the isolates and plant were also reported earlier 24 . In the present study, all three isolates B. amyloliquefaciens, Rhodotorula sp. and P. kudriavzevii were found effective in their single inoculation. As per the hypothesis of the present work dual inoculation with IAA and siderophore producing B. amyloliquefaciens with IAA and P solubilising yeasts Rhodotorula sp and/or P. kudriavzevii were expected to improve highest plant growth. Other reported studies concluded that the combined inoculation significantly increased growth and yield when compared to their individual inoculation 16, 25 . Contradictory to that, our study revealed that dual and triple inoculation had significantly lower yields than those of single inoculations. This might be due to the nutritional competition among microorganisms and plant. It was previously reported that the rhizosphere competence between plant and native soil flora for carbon sources also limited plant growth 26 . Siderophore is small, high-affinity iron-chelating compounds, secreted by many PGP microorganisms under the stress conditions, which help in plant development. Additionally, siderophore creates competition for irons and other nutrients, which is based on the supposition where nutrients availability may limit the microbial growth and their development on plant surfaces 27 . Bacterial isolate B. amyloliquefaciens was the good siderophore producer. An alkaline condition of soil increased the stress which enhanced the siderophore production and caused the nutrition competition for other co-inoculums members, soil inheritance flora as well as for plant. This was the reason for their inferior performance.
CONCLUSION
Colonization of microbes with their hosts could be beneficial or harmful and affect the populations antagonistically. Therefore, it is needed to understand the specific ecological niche for a better outcome. From the study, it can be concluded that isolates viz. B. amyloliquefaciens, Rhodotorula sp. and P. kudriavzevii tested in this study found potent microbial fertilizer as the single applicant to achieve maximum productivity of greengram and have potential to substitute costly NP fertilizer in greengram production.
